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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Alr Forces, Materiel Command
THE LOW~-TEMPERATURE SOLUBILITY OF ANILIKE, THE TOLUIDINES,
AND SOME OF THEIR N-ALEKYIL. DERIVATIVES IN AVIATION GASOLTITE

By Walter'T, Olsom and Richird L. Kélly:. :

SUMMARY

Tests were made to determine the solubilities in gasoline
at low temperatures of 1b of the aromatic amines from the LACA
exploratory program on aromatic amines as antiknock additives,
Solubilities of aniline, the toluldines, and several of their
respective N-alkyl derivatives were measured in three differ.
ent gasolines at temperatures as low as -66° C and at concen-
trations as high as 16 percent by weight. Solubility at -600°
C was a particular objective of the test work,

The solubility data for the amines are summarized in the
following table by interpolating or extrapolating the experi-
mental results to obtair the solubility at =600 C, The data
for the xylidines are included for comparison.



SOLUBTLITY OF AROMATIC AMINES IN THREE AVIATION FUELS AT -60° C
[ Percentages by weight]

Amine Grade 66, Extracted ‘ Grade 130P
aromatios|grade 66 plus |
extracted| 15 percent :

(by volume) i

aromatios® l
Aniline < 0,6 0.5 | —
N-Methylaniline 3.6 12.0(-62° C) : 14,3
N-Ethylaniline >10 210 ; >10
N-Propylaniline >10 >10 i > 10
N-Isopropylanilire >10 >10 i > 10
N-Butylaniline 2.0 5.6 ! 3.8
H-tert-Butylaniline >10 >10 i > 10
¥,§-Dimethyleniline 4,7 0.7 . 8.3
% ,N=Diethyrlaniline >10 ' >10 | >10
o-Toluidine 1.3 4,2 ' 4.4
m-Toluidine <0.5 2,6 ' 3.6
p-Toluidine <0.6 | <0.b ! < 0.6
N-Kethyl-p-toluidine >10 >10 ;> 10
N-Ethyl-p-toluidine >10 | >10 ., >10
N-Isopropyl-_B-toluidinal >10 { >10 | > 10

..¥ylidines (commercial)® 8,7 - >10 t . >10

@)1 xod aromatics consisted of five parts xylene, two parts
cumene, and oue part toluune,

bSpeoifioation AR=I'=28, Amendment-Z.

Cpreviously reported.

INTRODUCTION

At the request of the Army Air Foroces, Materiel Cormand, the
NACA is oconducting at its aircraft engine rosearch laboratory a
goneral investigation on the suitability of aromatic amines as
antiknock components for aviation gasocline, The initial program
corprises, as exploratory tects, the determination of antiknock
effeotiveness, solublllty in gasoline at low temperaturss, and
guitability for overwater storage of 30 or 40 structurally re-
lated aromatic amires. Data on Inock-limited power {or 12 of
these amines have ween presented in reference i,

The purpose oI this report is to present the solubilitles
in gasoline at low temperatures of 156 of the aromatic amines [rom
this program; namely, aniline, the toluldines, and sevoral of their
respective N-alkvl derivatives. Solubilities were measured at



temperatures as low as -85° C, 5 below the usual Army-Havy
solubility speocification of ~60° C, and at concentrations as
high as 16 percent by weight, well above the l- to 3-percent
renge in which the amines would normally be used in gasoline.
Solubility at =60° C was a partioular objective in obtaining
the data,

In 1943 R, F. Marschner of the Standard 0ll Company pre-
pered a memorandum of some of the scattered data om the sepa-
ration temperatures of amines in aviation gasolines; this meins-
randum indiocates the marked effect of gasoline composition upon
the separation temperature., In order to permit observation of
the effect of fuel composition on solubllity, the fuels chosen
for the solubility measurements herein reported were an arountio-
free gasoline, a gasolinoc of known aromatic composition, and a
typical current grade 130 aviatioa fuel,

Acknowledgoment is made to Dr. A, M. Jensen of the Fucls and
Iubricents Division at Cleveland for his contributions o tho
analytical techniques uscd.

The tests reported herein were conducted during April 1943
to March 1944,

APPARATUS AWL PROCEDURE

Clond=-point method., - The gencral method for deternining lowe
temperature solubility was to cool a solution cf knovm conceuntra-
tion to the temperature at whioh inciplent separation of the sample
was observed, the cloud point, The apparatus usecd, which provides
stirring and convenient temperature control of the samnle, is
shown in figure 1 and has been previously described in referonce
2. Frr some of tho amines this methol was not used bocause supor-
cooling of the test sample failed to rive reproducible vulues for
the inoipient-separation temporatures.

.Saturation method, - For the cases whore superooolins of the
amine solutlon mado the direct measurement of tho oloud noint unre-
liable, excoss amine was added to tho gasoline and a sample of tio
resulting saturated gasoline solutlon was withdrawn at o ocoustaant
temperature for analysis.

The apparatus uscd to obtain the samples 1s shown in figuro 2,
About 150 milliliters of an amine solution 1s put into tho tost tubo.
Tho filter tube is emptied of solution by blowing air through this
tube until bubbles appeur at the ohnmois filter; the pinch clamp is




thon oclosed. The solution is cooled and stirred until amine sop-
arates from the zasoline, At constant temperature, a sample of
the saturated gasoline solution is drawn through the filter tube
into tho receivinr, vessel by slightly reducing the pressure in
"this vessel, Tho receiving vessel is maintained at a low tempera-
ture to minimize vaporization losses from tho samples.

For analysis, a portion of the cold sample was transferred to
e tared, tightly stoppered bottle and weighed., This scmple s
then extracted in a separatory funncl with three successlve S-milli-
liter portions of 1l:1 hydrochloric acid (KiCl), The acid extract was
transferred quantitativoly to a 50-milliliter bottle with a narrow
calibrated neck, (Babcook milk test bottlos wore frund to bo satis-
factory.) In order to liberatc the amine, 20 to 25 milliliters of
45-percont potassium hydroxide (KOH) was added, together with suf-
ficiont wator to rolse the liquid level within the range of the
graduated neck, The bottlo was contrifuged ln an ll-inch radius
centrifugo at 1700 rpm for about & mintues, The graduated bottle
wae cooled at 20° C in a constant-temporature bath and tho volume
of amine road dirovetly to within £0,03 milliliter, This volume
and the amine demsity irere usod to calculate weight percentage.
Data obtained by this mothod for methylaniline woro found to be
in agrecment with cloud-point data in the region of -60° C,

An alternaote method of analysis (reference 3) involving tho
use of phthalic anhydride was used for the amines that were solid
or too soluble in water at 20° C to pormit use of the centrifugal
analysis., Tho gosoline samplo was mixed with a dry bonzene solu-
tion containing a woighed amount of phthalic anhydride, Thoe mix-
ture was periodically shokon for 45 mintuos., Standard agqueous 0.1
normal KOH wos then addod in an amount equivalent to tho phthalioc
anhydride. Tho oxcoss KCH was titrated with standard .05 normal
HC1l to a phenolpiithaloin end point. Tho weight pesrcoataze of
omine was caloculated as follows:

100 (mol, wt. amino)(ml of noid) (normality of ncid)
Woight percentago = —
amine

(wt. of aminc-gasoline sarple) (1000)

GASOLIFYE AND AROMATIC-AMINE SPECINEHNS

Tho following thrco fuoels woro uscd for all the solubility
detorminntions:

l, Grade 656 base stock from which the aromatic aydrocarbons
wore succossively oxtracted with 10 percent fuming sulfuric acid and
silica gol



2, The extracted gradoe 656 gasoline to which was added 16
percent by volume of an aromatic-amine mixturoe oonsisting of fivo
.parts xyleno, two partis cumene, and one part tolueno

3. Grade 130, specifiocation AN-F-28, Amendmont-2. (Dif-
forent batolies of this fuel were usod during the course of tho
tosts.)

The aromatic amines tested (see table I) elther were pur-
chased as the best grade obteinable and subsequontly purifiod
or were synthesized und purified at this laboratory. All are
believed to be at least 95 percent pure,

RESULTS AND DISCUSSION

Figures 3, 4, and b prescnt tho solubilities of the aminos
in the aromatlio=free gacoline, in the gasoline of 15 porcent aro-
matic contont, and in tho grade 130 fuel, respectivoly. The am'ncs
not appearing on the curves wore soluble to at lcast 10 porcont by
weight at =609 C in each of the gasolineos, They woro:

KE-Bthylanilire
N-Propylaniline
N-Isopropylaniline
N=tort-Butylaniline
H,E-Diothylanilino
K=-Hethyl-p-toluidine
N-Ethyl-p-toluidine
K-Isopropyl=p-toluidine

The greater solubilizing offoect of the mothyl radical when
attachod to the nitrogen of aniline than when attached to the aro-
matlic ring 1s noted., Longthening the carbon chain attached to the
nitrogon of aniline resulted in greater gasoline solubility for
only o limitod chain length, as evidenced by tho relativoly low
s0lubillty of N-butylaniline compared with N-propylanilino.

The composition of tho gansoline influcnced ihe aminoe solubil-
ities to e large extont; 16 pcrcont aromatics added to the fuel
approximntely doubled or trebled tho amine solubility. Solubility
of the .amines in tho grada 130 gasoline was similar to that in tho
gasolino oontaining 16 pordent ddded aromatlos, Representative
samples of the various batoches of grade 130 fuel gonurclly contain
12 to 20 percent aromtios,



Tho solubility of an aromatic amino in the aromatio-free
aviation gasoline at ~-60° C may be taken as on indication of the
maximum concontration to which tho amine may be used in ocurront
aviation gasolines on the basis of solubility alone, The aro-
matic hydrocarbons present in most of tho current gasolinos would
provide a margin of safety in preventing soparation of the amine
at -60° C,

SULTIARY OF RESULTS

The solubilities of aromatic amines at -60° C as doterminod
by interpolating or extrapolating the experimontal data aro pre-
sented in table II. Tho data for xylidines aro included for com-
parison.

Alreroft Engine Rosoarch Laboratory,
National Advisory Committev for Aoronautics,
Clovcland, Ohlo, Juwne 5, 1944,
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- TABIE--I.

PHYSICAL PROPERTIES OF AROMATTIC AMINES TESTED

Density,

Amine Boiling range | Index of
at 763 i refraction, dog @
(°c) "op e | (gramsfml)

Aniline 184.0 - 184.5 1.585 1,0220
N-Methylaniline 195.0'~- 196.0] 1.57 .9860
N-Ethylaniline 20,;.0 - 205.0 1.5538 . 9607
N-Propylaniline 220.5 ~ 223.5 1.5425 .9448
N-Isopropylaniline 206.5 - 209.0| 1.sh40l 937h
N-Butylaniline 2,;0.0 - 2,,0.5 1.5339 .93%2
N-tert~Butylaniline 895.0 (16 mm) 1.5270 .9
N,N-Dimethylaniline 192.5 - 193.5 1.5580 956,
N,N-Diethylaniline 215.0 - 217.0{ 1,518 <9347
o-Toluldino 198.5 - 201.5 1.5718 . 9989
m-Toluidine 2oa 5 - 203.5 1.587h .9393
ErToluidine b)), 0 - - ——
~Me thyl-p-toluidine 209.0 - 211.0 1.5570 .9610
N-Ethyl-p-toluidine 217.0 - 220.0 1.5139 LShl1
N-Isopropyl~p~toluidine} 222.0 ~ 223.0 1.5319 . 9238

8pistillad under reduced pressurs,

bHelting point was measured instead ol boiling range for this solid.

National Advisory Cortnittes

for Aeronautics




TABLE II
SOLUBILITY OF AROMATIC AMINES IN THREE AVIATION FUELS AT -60° C

[Percentages by weignt]

Amine Grade 05, | Extracted Grade 1300
aromatics | grads 65 plus
extracted | 15 wnercent
(by volume)
aromatics

Aniline <0,5 0.5 | =me——m—————
N-Methylaniline 3.6 12,0(-62°¢) 4.3
N-Ethylaniline >10 >10 =10
N-Propylaniline >10 >10 >10
N-Isopropylaniline >10 >10 >10
N-Butylaniline C2.0 c5.6 Cs.8
N-tert-Butylaniline >10 >10 >10
N,HF-Dimethylaniline : hT 9.7 8.3
M,N~-Diethylaniline >10 >10 >10
o-Toluldine 1.3 L.2 holi
n~Toluidine < 0,5 .5 5.6
p-Toluidine deo,5 d 0.5 d< 0.5
N-2ethyl-p-toluidine >10 >10 >10
N-Ethyl-p-toluidine >10 >10 >10
N-Isopropyl-p~toluidine >10 >10 >10
Xylidines (commercial)?® 3,7 >10 >1u

Yixed aromatics consisted of five parts xylune, two parts cumen=,
and one part toluene.

bgoacification Al-F-28, Amendment-2 (different batcneu used).
Csaturation method, centrifugal analysis.

dsaturation method, phthalic~anhydrido analysis.

3Data from refarcnce 2,

National Advisory Committee
for Acsronautics
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Flgure 1. - Cloud-point appaoratus.
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Figure 2. - Apparatus for obtaining saturated samples.
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Amine concentration, gercent by weight
Figure 3. - Solubility of aroma
with the aromatic hydrocarbons extracted.
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